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Chapter 12
Defining Labour Market Areas 
by Analysing Commuting Data:
Innovative Methods in the 2007 
Review of Travel-To-Work Areas
Mike Coombes
Newcastle University, UK
INTRODUCTION: THE 
RESEARCH CHALLENGE
This chapter reflects on many years of research 
leading to the Coombes and Bond (2008) revision 
of TTWAs, the statistical geography of the Office 
for National Statistics (ONS) that represent a set 
of sub-regional labour market areas. The basis of 
TTWA boundary definitions is an analysis of recent 
patterns of commuting. These patterns change over 
time so TTWAs are reviewed once each decade by 
analysing the Special Workplace Statistics (SWS) 
from the population census because in Britain this 
is the only data available on commuting flows at 
ABSTRACT
This chapter draws on research undertaken in revising a set of functional regions known as Travel-
To-Work Areas (TTWAs) which are the only official statistical areas in the UK defined by academics. 
The objective of the research is to define the maximum possible number of separate TTWAs that satisfy 
appropriate statistical criteria that ensure the areas meet guiding principles for labour market area 
boundary definition. Thus, the research is an example of a functional regionalisation which is highly 
constrained by the purpose to which the resulting boundaries will be put. The chapter briefly reviews 
previous TTWA definition methods, setting this in the context of the very limited academic research on 
regionalisation methods. The production of the 2001 Census commuting data provided opportunities 
for defining new labour market areas and the chapter explains how the TTWA research has responded 
with several key innovations. The empirical component of the chapter then illustrates the effect of these 
innovations by presenting a new visualisation of the workings of the definition method and also some 
analysis of the sensitivity of the results to changes in the method. Finally, there is a very brief look at 
some possible ways in which this field of research could be extended.
DOI: 10.4018/978-1-61520-755-8.ch012
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the local level. For several decades now, each 
new census has led to a review of TTWAs with 
the explicit objective of providing a consistently 
defined set of appropriate areas for the report-
ing of local labour market statistics in general, 
and unemployment statistics in particular. The 
core objective of the TTWA definitions is thus 
to identify patterns in the commuting data as a 
means of consistently defining a set of labour 
market area boundaries.
The key benefit of TTWAs to statistics users 
is that they enable valid comparisons of labour 
market conditions and trends across the country. 
This is because they have been specifically de-
fined to be comparable in relation to key labour 
market statistical characteristics relevant to labour 
market analysis. The underlying statistical logic 
is about using appropriate classifications (Rose 
and O’Reilly, 1998) which, in this case, means 
an appropriate geographical classification. An ad-
ditional advantage which TTWAs have over local 
authorities (LAs) which in Britain – as in most 
countries – are the ‘default’ areas for publishing 
official statistics, is that they can provide more 
local detail in areas like the Highlands of Scotland 
where recently-revised LAs are so large that sta-
tistics published at that scale ‘average away’ the 
distinctive circumstances and trends of numerous 
contrasting local economies.
This very brief description of the context 
sets the parameters for the research challenges 
which arise in the definition of TTWAs. The first 
constraint is the fact that the continued existence 
of this statistical geography depends upon them 
retaining their statistical properties which are 
valued by users; those properties will be detailed 
later in this chapter. The second constraint is the 
one which determines the nature of those prop-
erties: TTWA boundaries must represent a set 
of well-formed local labour market areas and, 
as such, meet criteria relevant for academic and 
policy debates around sub-regional economies 
(HM Treasury et al., 2007). The third constraint 
on the TTWA definitions is that their derivation 
from analysing localised patterns of commuting 
must result from a consistent approach applied 
nationally.
It is worth using this set of three constraints 
to assess the potential benefit of TTWAs to users 
over the alternative set of sub-regional statistical 
areas, the current set of LAs. It could hardly be 
expected that all LAs would have the statistical 
properties required of labour market area boundar-
ies because they are defined to meet other criteria 
(e.g. Boundary Committee for England, 2008). 
The result is that no ‘tier’ of administrative areas 
forms a set of meaningful local labour market 
areas, as the case of the Scottish Highlands has 
already exemplified. Although, in some cases, 
commuting data has been referred to in adjust-
ing LA boundaries, this has certainly not been a 
consistent national process. As a result, the case 
for the continued production of updated TTWAs 
remains a strong one, so long as the boundaries 
meet the above three constraints and are also 
widely accepted as providing a set of intuitively 
reasonable sub-regional entities in all parts of the 
country. Note that the claim is not made that they 
will be ‘ideal’ labour market area boundaries; such 
a claim would emphasise the fact that what might 
be ‘ideal’ for one set of users will not be so for 
others. Instead, the aim is to provide the generality 
of users with a set of boundaries which is at least 
plausible in all parts of the country and can meet 
a high proportion of user needs.
To some extent, describing this objective as 
one which sets a considerable challenge to the 
analyst is to hark back to earlier times. When the 
boundaries of TTWAs were being revised prior 
to the 1970s, the process depended entirely on 
regional and local knowledge; this at least meant 
that the stakeholders who were involved would 
consider that the boundaries produced were well 
defined! Most obviously, it also meant that there 
was no possibility that they were consistently de-
fined and this became a key problem in the latter 
1960s when the boundaries became used more 
intensively to determine where public funding 
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for economic development was available. This 
was also the time when more census commuting 
data became available and so a new opportunity 
for consistent evidence-based definitions arose. 
It was Smart (1974) who provided the first com-
prehensive analyses underlying a set of TTWA 
definitions, at that time developing an algorithm 
which he was able to implement with a slide-rule 
in analysing commuter flows between around 
2,000 building-block areas (or zones as this 
chapter will term all such areas used in census 
commuting datasets).
It was also in the early 1970s that comput-
erised analysis of socio-economic data became 
widely adopted in academic disciplines such as 
geography and this quantitative revolution slowly 
extended to analyses of data on flows such as 
commuting or migration patterns. Coombes and 
Openshaw (1982) computerised the analyses of 
Smart (1974) and the rigid consistency of this 
analysis highlighted the substantial degree of flex-
ibility in the process which occurred between the 
results of the slide-rule analysis and the boundary 
definitions which were finally agreed to by civil 
servants. In addition, the computerisation made 
possible numerous repeated analyses to reveal the 
sensitivity of the results to specific features of the 
algorithm or fine tuning of the statistical criteria 
set for the TTWAs. This was also a period when 
alternative approaches were being developed 
to define boundaries that, in broad terms, were 
similar to TTWAs in seeking to internalise the 
larger commuting flows; this was the rather spe-
cialist form of spatial analysis termed functional 
regionalisation (Coombes, 2000).
Given this flurry of activity around 30 years 
ago, how is it that the definition of TTWAs can still 
pose a significant challenge? The simplest part of 
the explanation is that academic interest in com-
puterised spatial analysis waned after the 1980s, 
although it has recently become re-invigorated 
with developments termed geo-computation (e.g. 
Openshaw and Rao, 1995). In relation to TTWAs, 
something of a shadow was cast over further de-
velopment by the intensive innovations leading to 
the computerised definitions based on analysing 
the 1981 Census data by Coombes et al. (1986): 
the approach proved successful not only then but 
also when applied to 1991 Census data and even 
to the data of other European countries (Eurostat, 
1992) and has been lauded elsewhere (e.g. Frey 
and Speare, 1995).
As will be described in a little more detail 
later, the 1980s approach to defining TTWAs 
was radical due to several key features which 
made it evaluate myriads of alternatives to seek 
the more optimal set of results, at a time when 
most regionalisation methods sacrificed optimal-
ity because the limited computation power then 
available encouraged approaches that minimised 
the number of calculations performed. In par-
ticular, the TTWA algorithm was radical in not 
restricting the options considered to contiguous 
pairs of zones: the computation task is hugely 
reduced if, when grouping zone z, the choice is 
limited to the six (on average) zones with which z 
shares a common boundary, rather than evaluating 
the possibility of grouping z with any one of the 
hundreds (on average) of zones that z has some 
flows to or from. In most cases, the best choice 
will in fact be one of the contiguous zones, but 
if all other options are denied, then inevitably 
the result will quite often be that a sub-optimal 
grouping will be made.
While computing power has, of course, in-
creased very markedly since the 1980s, there has 
been the countervailing effect of the number of 
zones used for Census commuting data increasing 
too: circa 2,000 in 1971 then circa 9,000 by the 
1980s and over 40,000 in the 2001 dataset used 
here. With flow data coming in matrix form, the 
scale of increase is the square of what these num-
bers suggest so that, for example, the data from 
the 2001 Census is a matrix with 40,000*40,000 
cells, that is over 1.5 billion cells. Given that the 
aspiration is to evaluate all the different possible 
solutions before selecting the one which best meets 
the statistical objectives set, major analytical chal-
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lenges do persist due to this increase in numbers 
of zones to be analysed, despite the increases in 
computational power available.
From the user point of view, these technical 
challenges are merely background issues which 
do not affect their need for acceptable local labour 
market area definitions which adhere consistently 
to relevant statistical criteria. The key statistical 
criteria were identified originally in Goodman 
(1970):
commuting self-containment (i.e. few of • 
the work trips to or from areas within the 
boundary should cross that boundary); 
combined with
commuting integration (i.e. there are signif-• 
icant numbers of journeys to work between 
most of the areas within the boundary).
These are ideal attributes and, as more commut-
ing trips have become more lengthy, the latter has 
become ever more difficult to satisfy. With more 
long-distance commuting, TTWAs can still be de-
fined to meet fixed levels of self-containment: the 
problem here is that TTWAs must become larger 
to internalise the same proportion of commuting. 
For example, the 1981 commuting dataset yielded 
334 TTWAs, but on the same self-containment 
criterion only 308 separable 1991-based TTWAs 
could be defined a decade later. This reduction in 
number of TTWAs conflicts with the wishes of 
most users who want as many separate areas as 
possible for their analyses! This is an inevitable 
trade-off which the analyses can best deal with 
through sensitivity testing, illustrating the differ-
ence it makes to apply different self-containment 
criteria to the definitions. What is not possible is 
to mitigate the inevitable reduction in commuting 
integration which comes with the larger TTWA 
boundaries that longer-distance commuting neces-
sitates. For example, it is well known that cities 
and towns like Peterborough and Brighton, many 
kilometres from London, now have significant 
commuting flows to the capital, but if a TTWA 
boundary internalises these places then it will not 
be at all integrated because few people commute 
directly between these outlying places.
This is not to say that commuting patterns 
remain simply centralised on large city cen-
tres. Along with the growth of longer-distance 
commuting associated with such factors as the 
increase in car use and the decline in traditional 
sectors where local working was common, there 
are other trends that allow more polycentric 
labour markets to emerge. For example, some 
workplaces have been de-centralised to city 
edges, while more households have two earn-
ers who will find it difficult to live near both 
workplaces, perhaps leading them to join the 
growing minority with more complex working 
patterns (e.g. working at home for part of the 
week). In short, there are many trends chang-
ing the pattern of commuting in Britain that are 
making it more challenging for TTWA definitions 
to meet their objective of providing users with 
numerous separate labour market areas which 
have the required statistical characteristic of a 
reasonable level of self-containment while also 
being recognised as reflecting local economies 
across the whole country.
REGIONALISATION METHODS FOR 
OFFICIAL STATISTICAL AREAS
Although it may be true that TTWAs pre-date 
the equivalent areas in many other countries, 
research by Cattan (2001) found that there were 
few OECD countries where official local labour 
market areas were not defined. Of course, most 
modern countries have seen a growth in longer-
distance commuting and this means that any fixed 
set of boundaries will become less useful for 
analytical purposes; given that the LAs in most 
other countries have remained unchanged for far 
longer than those of Britain – where LA boundary 
change occurs with most unusual frequency – the 
very long-established LA boundaries in most other 
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countries are even less plausible as labour market 
areas than their British equivalents.
As an initial recognition of the potential value 
of a consistent cross-national approach, Eurostat 
(1992) outlined the basis of the definition methods 
used in several countries and intimated that the 
TTWA method was ‘best practice’ when measured 
against its check-list of principles. Table 1 shows 
these international ‘standards’ for evaluating 
labour market area definitions.
Table 1 suggests a number of criteria over and 
above commuting self-containment and these 
should be recognised and considered here. One 
is a minimum size; the key argument behind this 
is that a data series will be far more likely to be 
unhelpfully volatile if it relates to an area with 
a small population. Additional criteria (Table 1) 
are largely uncontroversial, such as that these of-
ficial boundaries should not overlap each other. 
As a result, the review of TTWAs described in 
this chapter has followed past practice by defin-
ing TTWA boundaries in line with these nine 
principles. One additional guideline which has 
emerged from the experience of previous reviews 
of TTWAs is that the more separate areas that are 
recognised, the more the areas are acceptable to 
users. Thus, the basic goal in defining TTWAs 
can be expressed as: to define as many separate 
TTWAs as possible with the 2001 commuting data, 
subject to the statistical criteria set in applying 
the principles above (Table 1).
This guidance, which has emerged from the 
background to TTWA definitions, leaves a fair 
degree of flexibility over how exactly the commut-
ing data should be analysed to create the bound-
ary definitions. The next section of the chapter 
describes some of the alternatives considered in 
the review, including some opportunities and chal-
lenges that were a direct result of key innovations 
in the 2001 Census and so had not been part of 
any previous review.
NEW OPPORTUNITIES AVAILABLE 
IN ANALYSING DATA FROM 2001
There are two possible responses to the need 
to update TTWA definitions in response to the 
changes in commuting patterns across the coun-
try. The first option is to simply apply the same 
definition method to the 2001 Census commuting 
data set; this was very much the option taken after 
the 1991 Census data had become available, with 
the method developed for the 1981 dataset used 
largely unchanged (ONS and Coombes, 1998).
The second option is to adapt the method to 
take advantage of new opportunities which were 
not available a decade earlier, not only in terms of 
increased computational power but also changes to 
census data collection and output practices. This 
section of the chapter discusses the latter, but in 
the light of the potential afforded by the former 
Table 1. Principles for local labour market area definitions 
Principle Practice
Objectives 
  Purpose 
  Relevance 
Constraints 
  Partition 
  Contiguity 
Criteria (in descending priority) 
  Autonomy 
  Homogeneity 
  Coherence 
  Conformity
 
To be statistically-defined areas appropriate for policy 
Each area to be an identifiable labour market 
 
Every building block to be allocated to only one area 
Each area to be a single contiguous territory 
 
Self-containment of flows to be maximised 
Areas’ size range to be minimised (e.g. within fixed limits) 
Boundaries to be reasonably recognisable 
Alignment with administrative boundaries is preferable
Source: Eurostat (1992)
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to analyse ever larger matrices ever more quickly 
and hence take advantage of any opportunities for 
methodological innovation that changes in the 
available census data made possible.
The most fundamental change, compared 
to previous British census commuting datasets, 
comes from the 2001 Census commuting data 
providing 100% coverage of employed people. 
Any matrix with many cells is likely to have many 
values that are very small numbers or zero, so the 
decision to code data on everyone who was enu-
merated rather than just a 10% sample is a huge 
step towards mitigating small number problems in 
data analysis. For the TTWA analysis, this change 
can only serve to make 2001-based boundary 
definitions more robust than their predecessors. 
The importance of this change was reinforced by 
change in the grain of areas used as the zones in the 
commuting data matrix. In previous census data 
sets, the smallest zones used were wards, the small 
areas that local authorities are divided into which 
number around 10,000 across the whole country. 
In an immense shift of policy, the 2001 Census 
data on commuting have been made available for 
output areas that number around 175,000; in mak-
ing this change, ONS has undoubtedly increased 
by far the size of the largest commuting data 
matrix ever published by any national statistical 
agency. Of course, this massive increase in matrix 
cell numbers effectively reinstates all the small 
cell number problems reduced by the decision to 
shift to 100% data coverage.
Late in the census data production process, 
another change was introduced that very much 
exacerbated small number problems. It was de-
cided that, unlike the 1991 data, the published 2001 
Census commuting dataset – apart from data on 
residents in Scotland – must be made subject to a 
disclosure control procedure called small cell ad-
justment method (SCAM). SCAM altered values 
of 1 or 2 so that they become values of 0 or 3: this 
process most acutely affects matrix datasets like 
that on commuting because their large number of 
cells makes them very prone to include many low 
values (see Chapter 3 in this book) Fortunately, the 
TTWA research was undertaken in collaboration 
with ONS itself and so ONS made available for 
the analyses reported here a dataset not subject to 
SCAM. Thus, SCAM has not affected the defi-
nition of the 2001-based TTWAs. A regrettable 
consequence of the research using a ‘SCAM-free’ 
dataset is that other researchers, who must use one 
of the published census commuting datasets with 
their SCAM effects, cannot exactly replicate the 
results produced here.
Given all these innovations, ONS had to 
decide on the zones to use for TTWA boundary 
definition exercise, with the inevitable trade-off 
between increased potential boundary precision 
by using smaller zones and increased robust-
ness of analysis from the reduced small number 
problems with larger zones. The decision was 
to take some of the advantage from the 100% 
data coverage by increasing the number of zones 
analysed from the roughly 10,000 wards but not 
to go as far as using output areas. This led to the 
use of lower-level super output areas (LLSOAs). 
More precisely, the zones used for this research 
vary slightly between the UK’s countries: 32,482 
LLSOAs in England, 1,896 LLSOAs in Wales, 
6,505 data zones (similar to but slightly smaller 
than LLSOAs) in Scotland and 890 SOAs in 
Northern Ireland. This set of building block areas 
will all be referred to as zones in this chapter. 
Analyses using these 41,773 zones can be much 
more precise than any based on just a quarter as 
many wards, so the 2001-based TTWA boundaries 
can more precisely match the detailed pattern of 
commuting. At the same time, the reduced risk of 
small number problems resulting from the 100% 
data coding has been at least partially lost due 
to this zone dataset distributing commuters over 
a much larger matrix; the 41,773 zones yield a 
matrix of over 1.5 billion cells, compared to a 
0.1 billion cell ward matrix.
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INNOVATIONS IN THE DEFINITION 
OF TRAVEL-TO-WORK AREAS
The crucial differences between the commuting 
data available from the 2001 and the 1991 Censuses 
mean that defining 2001-based TTWAs could not 
be a simple ‘updating’ of the 1991-based TTWA 
boundary definitions (Figure 1). Given that it was 
not possible to gain the benefits of consistency 
though time, which official statisticians may be 
inclined to prize more highly than the less certain 
benefits of innovation, there was every reason to 
use the enforced break with the practices of the 
past to consider a number of other changes to the 
ways TTWAs had been defined over the last two 
decades. In particular, it was timely to address 
some questions raised about the established TTWA 
definition method.
• Is it possible for the algorithm applied to 
the commuting data to be simplified?
Can the levels of size and self-containment • 
required of all TTWAs be altered?
Should the ruling that no TTWA can span • 
across England’s borders be dropped?
These changes are now considered in turn. 
It may be helpful to state immediately that all 
these changes have in fact been implemented in 
the definition of 2001-based TTWAs. It must be 
stressed that such changes do not alter the under-
lying objective for the research which is to define 
as many separate local labour market areas as 
possible with the most recent commuting data, 
subject to the statistical criteria set.
Both the 1981-based and 1991-based TTWA 
definitions relied on a computerised algorithm 
which involved several steps and numerous sepa-
rate parameters (see ONS and Coombes, 1998, 
for a detailed description). Part of the reason for 
a multi-step approach in the 1980s was that this 
split the computational burden into multiple stages 
Figure 1. The 2001 TTWAs in central and eastern England and Wales
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at a time when processing a matrix with over a 
billion cells was very time consuming. Now this 
practical constraint barely exists; a moderately 
powerful laptop proved able to rapidly process the 
multi-billion cell matrix used here. This allowed 
experimentation in simplifying the algorithm, ul-
timately leading to the multiple steps of the earlier 
algorithm being replaced by a single process with 
many iterations. It was found that most of the 
steps in the earlier method contributed little to the 
final results, so the final step of the earlier method 
could be relied upon to complete the whole task of 
grouping over 40,000 zones into a set of TTWAs 
numbered in the hundreds. Most importantly, it 
was this final step that ensured that the eventual 
TTWAs would satisfy all the statistical criteria, 
so basing the whole method on this one step still 
ensures that the definitions satisfy these criteria. 
The process is as follows, remembering that, at 
the outset, every individual zone is considered a 
‘proto’ TTWA).
A.  Rank all proto TTWAs in terms of their 
size and self-containment values
B1.  if the lowest-ranked proto TTWA meets 
the requirements set, STOP
B2.  if not, then continue to C
C.  Dissolve the lowest-ranked proto TTWA 
into its constituent zones
D.  Group each zone with that proto TTWA it 
is most strongly linked with
E.  Re-calculate the size and self-containment 
values of altered proto TTWAs
F.  Return to A
Considerable experimentation has led to the 
choice of the formula to determine in which way a 
zone should be grouped to maximise the likelihood 
that the resulting TTWA definitions most closely 
meet their objectives. The key need in practice is 
to enable smaller places near major centres to con-
solidate as separable TTWAs (where commuting 
flows justify this) because otherwise the TTWAs 
that include major centres expand remorselessly 
to engulf all surrounding areas, with the result that 
the set of defined TTWAs is less numerous than 
the maximum possible which meet the set criteria. 
This formula combines four flow measures:
a  is the flow i to j as a percentage of all flows 
from i (including flows from i to itself);
b  is the flow i to j as a percentage of all flows 
to j (including flows from j to itself);
c  is the flow j to i as a percentage of all flows 
from j (including flows from j to itself);
d  is the flow j to i as a percentage of all flows 
to i (including flows from i to itself);
where the final formula (ONS and Coombes, 1998) 
is computed in the following way:
(a * b) + (c * d) 
The single step process used for the 2001-based 
definitions allowed experimentation with the 
statistical criteria that the TTWAs must satisfy. 
This experimentation was carried out within the 
framework of the approach established in earlier 
definitions, because this provides for flexibility 
in the specific size and self-containment values 
required of the TTWAs. These two parameters 
are combined in a linear spline function which 
partially trades-off the size and self-containment 
values, with the overall function giving a single 
index value by which all proto TTWAs can be 
ranked (Coombes et al., 1986). It should be noted 
that in all TTWA analyses, the single measure area 
self-containment refers to what could be seen as 
the critical value for any area or, to be specific, the 
lower of the two self-containment values derived 
from the commuting data for the area:
the supply side self-containment, i.e. the • 
percentage of working residents who work 
locally; and
the demand side self-containment, i.e. the • 
percentage of people working in the area 
who live locally.
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The limited trade-off between an area’s criti-
cal self-containment value and its size means that 
large areas can remain separate TTWAs with 
lower self-containment levels than the level that 
is required of areas with small workforces. Both 
the self-containment and size criteria have target 
and minimum levels set, so that every TTWA must 
surpass both the minima values and, if it does 
not also pass both target values, its value on the 
combination of the two criteria must be at least 
equal to that of an area which meets one of the 
target values as well as the minimum value on 
the other criterion. A series of sensitivity analyses 
then yielded the preferred set of parameter values 
after evaluating the results from alternative values 
against the objectives set for the TTWA bound-
ary definitions (taking as the ‘base line’ for this 
evaluation the results of retaining the parameter 
values used in the 1991-based definitions).
A third change to the method, as signalled 
earlier, was to remove the prevention of TTWAs 
crossing the borders between England and either 
Wales or Scotland. It would also not have been 
permitted for TTWAs to include both parts of 
Northern Ireland and parts of another UK country 
but in practice this was never a possible outcome. 
Here again, sensitivity analyses offered an as-
sessment of how much difference this change 
made to the results. In the vicinity of Chester 
and Berwick most especially, national borders 
cut right through the heart of genuine TTWAs 
in the final set of 243 defined by Coombes and 
Bond (2008) which ignore the historic artefact of 
national borders to focus exclusively on patterns 
of commuting flows.
Figure 1 shows the boundaries of 2001-based 
TTWAs in central and eastern England and Wales 
with physically built-up areas providing the 
back-cloth to help with orientation. Compared 
to almost any set of British administrative areas, 
TTWAs are distinctive in their high degree of 
similarity of area size, as a result of few people 
wishing to commute very long distances in any 
part of the country. For example, the physical size 
of the London TTWA can be seen to be similar 
to most of those surrounding it – and indeed to 
the York TTWA in its more rural surroundings – 
whereas with administrative areas there is usually 
a stark contrast between physically small areas in 
metropolitan regions and the much larger areas 
covering more rural localities (so the areas have 
more similarly sized populations). Figure 1 also 
shows the TTWAs for the comparable provincial 
cities of Birmingham and Manchester and these 
boundaries provide one example of the TTWAs 
drawing attention to important local geographical 
realities as a result of the strict consistency of their 
definitions. It can be seen that the Manchester 
TTWA encompasses a high proportion of the 
built-up area in that region: the commuting flows 
linking the central areas with previously distinct 
‘satellite’ towns such as Bury and Stockport 
are too strong for the latter to be self-contained 
enough to remain separate TTWAs. In contrast, 
Birmingham TTWA embraces only the south-
eastern half of its conurbation while the area 
to the north-west continues to be divisible into 
three TTWAs that are separate from each other 
as well as being relatively self-contained from 
Birmingham just a few miles away. This contrast 
between two comparable cities is rooted in pat-
terns of local geography that are far too detailed 
to be pursued here, but the key point for the 
present chapter is that the TTWA analyses have 
succeeded in revealing deep-seated differences 
due to contrasts in industrial structure and other 
local features which will be recognisable and 
relevant to many users of the TTWAs.
IMPACT OF THE INNOVATIONS: 
SENSITIVITY AND VISUALISATION
As has been indicated already, it is important to 
assess how sensitive the TTWA definitions are to 
changes in the analysis which underpins them. In 
particular, the questions to answer are:
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How much difference do changes make to • 
the definitions?
Which areas are more affected by the • 
changes?
Can one set of results be shown to be • 
preferable?
In the 2001-based TTWA definition pro-
cedure, the change to a single step process is 
a key change from the method producing the 
1991-based boundary definitions. Another key 
change is the lowering of the self-containment 
minimum value for TTWAs, with some associated 
adjustments to the other settings on the formula 
which operationalises the trade-off between 
self-containment and size. Other changes since 
the 1991-based definitions that warrant further 
investigation include the change from wards to 
LLSOAs as analysis zones, and the new decision 
to allow the national borders of England to be 
spanned by TTWAs.
Basic sensitivity analyses answer the first and 
perhaps the second of the questions above by 
identifying where there are differences between 
two sets of boundaries. It is only possible to tackle 
the third question after identifying what is looked 
for in TTWA definitions: what is it which would 
make one set of boundaries observably superior 
to another? The key consideration has already 
been identified in this chapter; the preference is 
for maximising the number of separate TTWAs. 
One possible secondary objective is to limit the 
size of the London TTWA because numerous 
users in the past have emphasised that a very 
large London TTWA makes the boundaries less 
valuable to them.
The last mentioned sensitivity issue – national 
border imposition – is the least significant and 
has no effect on either numbers of TTWAs or the 
size of the London TTWA. The latter result is no 
doubt due to London being some distance from 
either Wales or Scotland so it is not affected by the 
‘ripple’ of effects spreading out from the border 
areas. Changing the zones analysed to wards has 
less effect that might have been expected; the total 
number of TTWAs falls by just one, and the size 
of London increases just slightly, so both these 
minor impacts are contrary to the preferences 
which were identified.
London has a notably smaller TTWA if the 
analysis method is changed back from the single 
step process to the multi-step process used prior 
to the latest innovation in definition method. This 
beneficial impact is outweighed, however, by this 
older approach producing fewer separable TTWAs. 
On this criterion – the key concern of users, who 
always resent reductions in TTWA numbers – the 
worst impact comes from restoring the self-con-
tainment and size standards to the levels used in the 
1991-based definition. Thus, the summary of the 
sensitivity analyses is that none of the alternatives 
to the 2001-based definitions offers a real overall 
improvement in the results, and certainly none can 
find a larger number of TTWAs meeting the pre-
defined self-containment and size criteria.
The difficulty of visualising what happens in 
the process of creating a few hundred TTWAs from 
many thousands of zones is approached here in 
two ways. First, it is useful to understand clearly 
how the analysis of commuting data proceeds 
by aggregating zones in order to ensure that the 
maximum possible numbers of separate TTWAs 
are identified which all meet the self-containment 
and size criteria. Figure 2 shows both supply-side 
and demand-side self-containment and also the 
workforce size of the proto TTWAs which are re-
jected during the process of aggregation that ensures 
that all the resulting TTWAs are self-contained and 
large enough to meet the required levels. On the 
left-hand side of the chart the set of proto TTWAs 
is in fact the set of 41,773 individual zones that 
the analysis starts with. It can be seen that in the 
very earliest stages – when the first groupings of 
zones are taking place, but when most of the proto 
TTWAs will be individual zones – many rejected 
proto TTWAs have very low demand side self-
containment values. These will be zones in the 
City of London and similar job foci, because a low 
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value on the demand-side self-containment measure 
means few of the jobs in the area are taken by local 
people. Figure 2 shows that after this initial phase, 
the bulk of the analysis process involves group-
ing areas with low supply-side self-containment 
values; these areas are typically ‘suburban’ and, 
of course, there are many more such zones than 
there are job centre zones. Figure 2 shows that it 
is only towards the latest stages of the grouping 
process that area size plays an important role in the 
assessment of proto TTWAs. This indicates that in 
most areas the decisive factor causing zones to be 
aggregated together to meet the required size and 
self-containment criteria is that they are found to 
be insufficiently self-contained: it is only when the 
number of proto TTWAs is numbered in the low 
hundreds (on the very right-hand side of the chart) 
that small size is likely to be the cause of a proto 
TTWA being identified as needing to be grouped 
with other areas.
Figures 3 and 4 show maps of two stages in 
the grouping of areas in north-central England as 
the process builds up TTWAs which all meet the 
required levels of self-containment and size. Thus, 
for this one selected part of the country, Figures 3 
and 4 show two snapshots of the ‘state of play’ as 
the single step procedure iterates many thousands 
of times through the process just described in sta-
tistical terms. Figure 3 shows the situation after 
the process had reduced the initial set of zones by 
four-fifths (to 8,000 proto TTWAs), and then Fig-
ure 4 shows proto TTWA boundaries close to the 
final TTWAs; there are just 250 of this set of proto 
TTWAs across the whole country. Figures 3 and 4 
show final TTWA boundaries as black boundaries, 
superimposed upon LA boundaries which are those 
in grey. The star-like features are proto TTWAs. 
The lines in each star join the centroids of all the 
zones constituting that proto TTWA in such a way 
that two zones will appear as a single line, three 
zones will appear as a triangle, and so on until a 
multi-sided polygon appears as a star. This device 
dramatises the progressive grouping of the analysis 
process but, at the same time, illustrates the strongly 
localised nature of the groupings.
A better understanding of the process can be 
gleaned from looking at the results in two con-
trasting areas. On the west coast – the left-hand 
side of the maps – are two notable bays: the one 
to the north is Morecambe Bay and the town of 
Morecambe itself is on the coast where More-
cambe Bay reaches furthest to the east. Figure 
3 shows Morecambe as a small cluster of lines 
that is joined on to a similar size cluster of lines 
with a distinct north-south orientation: the latter 
is the city of Lancaster which forms a continuous 
Figure 2. Values on self-containment and size of deleted proto TTWAs
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built-up area with Morecambe and the fact that 
the two clusters of lines are linked shows that the 
towns have become a single proto TTWA even 
at this relatively early stage of the process. The 
line which encloses the towns – as well as nine 
small stars – represents the final TTWA boundary 
which emerges at the end of the process. In fact, 
this TTWA is unusual in exactly matching the LA 
boundary in the area (but as the TTWA boundaries 
are superimposed upon the LA boundaries here, 
the Lancaster LA boundary cannot be seen). The 
nine small stars within the LA are clusters of 
small towns or villages that have sufficient local 
working for their self-containment levels to be 
high enough for them to remain separate proto 
TTWAs at this stage of the process.
Figure 4 reveals that, at this very late stage of 
the process, the cluster of zones which includes 
Morecambe has absorbed almost every constituent 
zone of the nine small proto TTWAs that Lancaster 
LA had included at the earlier stage (Figure 3). 
In fact, the cluster does not quite include all, 
Figure 4. Zone groupings in north-central England when there are 250 proto TTWAs
Figure 3. Zone groupings in north-central England when there are 8000 proto TTWAs
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and only, zones in the LA; this is because, fol-
lowing the computerised analysis, there was a 
brief consultation process and in this area it was 
found that shifting a few zones between TTWAs 
allowed the boundary to exactly match that of 
the LA. Table 1 had shown that such matching 
was desirable, although not as a high priority. It 
must be stressed that the consultation process was 
rigidly constrained so that the final set of TTWAs 
has to meet all the statistical criteria in terms of 
self-containment and size, and any changes made 
must be within the ‘degrees of freedom’ left by 
these constraints. The way these constraints were 
applied to the consultation process is detailed in 
Coombes and Bond (2008).
The other case worthy of discussion here is that 
of Liverpool, which is represented by the large star 
to the east of the larger bay at the southern end of 
the west coast on the maps. Liverpool had already 
consolidated as a large cluster at quite an early stage 
of the process (Figure 3). Further east – toward the 
centre of the map – is Manchester which at this 
early stage is still quite fragmented due to it being 
a much older conurbation with many more closely 
spaced old town centres with local job opportunities. 
Figure 4 shows that by this late stage of the process, 
both Liverpool and Manchester have absorbed 
very many previously separate proto TTWAs, with 
Liverpool having more of a north-south orientation. 
This is due to areas between the two cities having 
much stronger links with Manchester because the 
latter has been the more economically dynamic of 
the two cities and so provides more opportunities 
for longer-distance commuting. In fact, Figure 4 
shows larger stars from this stage of the process 
than the final TTWAs. The reason for this is that 
the consultation stage produced some suggestions 
for ‘reinstated’ smaller TTWAs. These suggestions 
were tested against the set size and self-containment 
criteria for the final TTWAs and if the smaller 
TTWAs could meet these criteria – without causing 
any of the TTWAs they had previously been part 
of to then fail the criteria – these changes could 
be accepted. This enables the final set of TTWAs 
to better meet their principal objective of provid-
ing the largest possible number of separable areas 
meeting the set statistical criteria.
CONCLUSION
As has been emphasised several times in this 
chapter, the core objective of the research reported 
here was to analyse the 2001 Census data in ways 
leading to the definition of the maximum possible 
number of TTWAs that satisfy all the set statistical 
criteria. These criteria ensure the TTWAs meet 
the requirements for a set of labour market areas 
used for reporting official statistics. A summary 
evaluation is that the research has indeed met 
these objectives in that the defined TTWAs all 
satisfy the set statistical criteria and the sensitivity 
analyses suggest that it is unlikely that changing 
the way of analysing the 2001 Census data will 
lead to the definition of additional TTWAs which 
all meet the set statistical criteria.
The value to statistics users of the 2001-based 
TTWAs will be proven over time through them 
enabling more valid comparisons of labour market 
conditions across the country. One of the more 
immediately obvious advantages they offer – over 
LAs which remain the default areas for reporting 
local official statistics – is the level of detail in 
areas like the Highlands of Scotland where sev-
eral separate TTWAs can provide insights into 
distinctive local circumstances ‘averaged away’ 
by statistics for the single LA area.
It is valuable to reflect upon how this es-
sentially positive outcome has been achieved. 
A large number of innovations were required, 
with each one building on the opportunities that 
were opened up by the others, and all of them 
facilitated by seminal increases in computing 
power. The basic innovations have come from 
ONS with the production of commuting data for 
100% of the employed population for the first 
time. The ten-fold increase in data volume has 
allowed more robust measurement of flows in 
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more sparsely populated areas in particular. This 
also made it feasible to deliver a near five-fold 
increase in the number of zones that the data are 
analysed for, and the decision of ONS to give the 
researchers temporary access to data not subject 
to the disclosure control applied to published 
data was also a vital innovation, without which it 
would have been almost pointless to analyse data 
for very small zones because a huge proportion of 
the values in the matrix would have been altered 
by the disclosure control process.
Innovations in the analysis method has sought 
to extract maximum benefit from these enhance-
ments to the data available. The method of com-
puterised analysis developed in the 1980s TTWA 
definition processes of previous decades has been 
radically simplified, allowing the analysis to cope 
elegantly with the vast matrix of very small areas 
without any apparent loss of coherence to the 
results. The statistical criteria have been adjusted 
to produce more appropriate results with the 2001 
data: the required level self-containment level is 
now set at a lower level which is in keeping with 
the trend for more longer-distance commuting, 
with a greater trade-off between this criterion 
and the size measure. In addition, there is now no 
longer a bar on individual TTWAs including not 
only some areas in England but also some parts 
of Wales or Scotland across the border.
This chapter itself has sought to take forward 
the innovation by providing some new informa-
tion on TTWAs. Two specific departures have 
been made, albeit briefly. The first has outlined 
some sensitivity analysis and thus indicated the 
sorts of experimentation which laid the ground-
work for the final decisions on how exactly the 
data should be analysed to define the final set of 
TTWAs. The second new form of information 
is the mapping of interim results from the many 
thousands of iterations of the analytical process 
from which the final set of TTWA definitions 
eventually emerge.
As for necessary future innovations, it seems 
important to find better ways of comparing differ-
ent sets of results than simply overlaying two sets 
boundaries and speculating as to why the boundar-
ies differ. The different sets of boundaries could be 
from different census years; it is certainly true that, 
as yet, there are few if any good examples of the 
mapping of changing commuting patterns. Other 
sets of boundaries which need to be contrasted are 
the results from applying an analysis, such as that 
which has been developed to define TTWAs, to 
datasets on selected sub-groups of the workforce: 
it is very well known that, for example, workers 
with part-time jobs tend to commute less far than 
full-time workers, but how do these commuting 
patterns differ in each part of the country? For 
the moment, being able to appreciate the geog-
raphy of segmented labour local labour market 
areas awaits further innovation to enable better 
visualisation of contrasts between the patterns of 
spatial interaction of different workforce groups 
between many thousands of small areas.
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